We examined patterns of habitat occupancy and intensity of habitat use by Asian small-clawed otters (Aonyx cinerea) by sampling 59 hill stream segments in the Western Ghats between February and April 2008, using spraints (otter feces) as an indicator. We used an occupancy-based approach to determine the influence of habitat covariates on detection and occupancy. We also used generalized linear models to model encounter rate of spraints as a function of the habitat covariates. Although occupancy of streams was high before summer showers, it declined drastically after the rains. Sampling time, therefore, indicated otter movement across the area. Altitude was the next-best predictor of occupancy. Intensity of habitat use was influenced most by altitude followed by stream type, with pools preferred over cascades and riffles. Second-and 3rd-order streams were used more intensively than 1st-order streams. The study identifies high-altitude areas with stream pools as important prospective otter habitats and demonstrates the applicability of occupancy-based surveys to identify determinants of occurrence and habitat use of otters.
Otters (Mustelidae: Lutrinae) are constituents of many riparian, wetland, and some marine ecosystems (Ben-David et al. 1998; Clavero et al. 2006; Duggins 1980; Newman and Griffin 1994; Prenda and Granado-Lorencio 1996; Sepulveda et al. 2007) . Being apex predators of the aquatic systems they inhabit, otters function as key links in nutrient cycling between aquatic and terrestrial systems (Ben-David et al. 1998) . They also considerably influence prey communities , even controlling introduced invasive species, thus aiding in reviving indigenous species populations (Anoop and Hussain 2005; Beja 1996; Parker et al. 2005) . Much of our understanding of otter ecology is derived from studies that have examined aspects such as diet, territoriality, competition, or habitat use and selection, focusing on patterns at or within the scale of the home range (Dubuc et al. 1990; Ebensperger and Botto-Mahan 1997; Erlinge 1968 Erlinge , 1969 Erlinge , 1972 Melquist and Hornocker 1983; Prigioni et al. 2006) . However, observed patterns and subsequent inferences are highly dependent on the spatial scale of study (Johnson 1980; Wiens 1989) . Following the framework outlined by Johnson (1980) , habitat selection can be examined at 3 distinct, hierarchical levels. First-order habitat selection is the selection of the species' distributional range. Second-order habitat selection corresponds to home ranges within the species' range, and 3rd-order selection is at the level of specific habitats within the home range (e.g., foraging areas and rest sites). Determining the extent of suitable habitat and identifying predictors of species' persistence can help prioritize areas for conservation efforts (Sepulveda et al. 2007 ). These factors can be used as tools to formulate conservation strategies by policy-makers and managers, and hence aid in species conservation.
The Asian small-clawed otter (Aonyx cinerea) is found across Southeast Asia, with a disjunct population in the hill ranges of the Western Ghats of southern India (Pocock 1941) . Very few studies have been conducted on this species in Southeast Asia and none on the southern Indian population. Species assessments predict a decreasing population trend due to habitat loss and conversion; categorized as Near Threatened in 2004, the species has recently been categorized as Vulnerable on the IUCN Red List (Hussain and de Silva 2008) . With a diet composed of chiefly crabs, crustaceans, and other mollusks (Foster-Turley 1992; Sivasothi and Nor 1994) , A. cinerea prefers moderate to low vegetation structure (possibly for escape cover) in riparian systems, although it also has been recorded from areas with sparse vegetation (Hussain and de Silva 2008) . Other records of A. cinerea are from freshwater systems and peat swamps, rice fields, and other brackish and marine habitats in Malaysia (Sivasothi and Nor 1994) . Only a few survey reports exist in India (Anoop and Hussain 2002; Choudhury 1997a Choudhury , 1997b Choudhury , 1999 Hussain 1999) , which point to a preference for hill streams. These records contribute to our understanding of 1st-order habitat selection by A. cinerea; however, patterns of habitat selection at the 2nd and 3rd orders remain poorly understood.
We examined patterns reflecting 2nd-and 3rd-order selection of habitats by A. cinerea in a high-elevation sholagrassland ecosystem in the southern Western Ghats of southern India. Using spraints (otter feces) as an indicator of presence, we assessed the role that altitude and stream characteristics such as the dominance of pools, differences in water flow and size of streams (reflected by stream order), and the presence of rocky or muddy substrates play in determining otter occupancy and intensity of habitat use by the species within occupied areas.
MATERIALS AND METHODS
Study area.-We conducted the study in Eravikulam National Park (10u99-10u189N, 76u599-77u89E) in the Western Ghats mountain range in Kerala in south India (Fig. 1) . With an area spanning 87 km 2 , Eravikulam National Park is dominated by a shola-grassland ecosystem with stunted evergreen trees in the valleys (locally called sholas) and montane grasslands on the hill slopes. This high-elevation (1,500-2,700 m) landscape includes the highest peak in peninsular India (Anamudi, 2,695 m). The area receives an annual rainfall of .3,000 mm and gives rise to numerous streams originating from both the sholas and grasslands. These streams range from 1st-order streams (those that originate either in the sholas or grasslands and have no permanent tributaries) to 2nd-, 3rd-, and 4th-order streams (those formed by the confluence of smaller-order streams).
Stream selection.-We digitized all streams in Eravikulam National Park from topographical maps and stratified them into 1st-, 2nd-, and 3rd-and higher-order streams. Different stream orders have differences in water flow, velocity, and plant and animal communities (Bretschko 1995; Lewis 2008) . We divided each stream into segments of 0.4-1.0 km. A maximum length of 1 km minimized the probability of occupancy status changing between spatial replicates, which would violate the closure assumption of the single-season occupancy models we used. We then partitioned each segment into 100-m replicates; thus each segment had 4-10 replicates. The segments were separated by 300 m, often over mountain ridges, thus minimizing chances of the same animal being detected in different segments. Segments representing different stream orders were chosen randomly but in proportion to the total available stream segments of that order within Eravikulam National Park. Between 15 February and 5 April 2008 we sampled 59 stream segments covering a total of 36.5 km over an altitudinal range of 1,500-2,282 m (Fig. 1) . We located selected stream segments using a global positioning system unit and searched the segments for otter presence.
Data collection.-Aonyx cinerea is nocturnal (Hussain 1999) so we inferred presence from indirect signs such as spraints (otter feces), tracks, and holts (otter dens) along banks (Beja 1992; Swimley et al. 1998 ). We identified spraints based on presence of crustacean remains because A. cinerea feeds extensively on them (Foster-Turley 1992; Sivasothi and Nor 1994) . In addition to a direct sighting of 2 individuals of A. cinerea, we obtained multiple photo-captures of 3 individuals using opportunistically placed camera traps in Eravikulam National Park. We collected spraints from the camera-trap locations for reference and used characteristics such as shape, diameter, length, odor, and contents to identify spraints collected during sampling. We categorized spraints into fresh (,2 days) or old (2 days) based on odor, moisture, and other characteristics of the reference spraints. In each replicate we recorded the occurrence of all otter signs and measured the following habitat covariates in every segment, selected based on available literature on A. cinerea and other otters: altitude (using a global positioning system unit) every 200 m in the segment; stream type (cascade, riffle, or pool-Subramanian and Sivaramakrishnan 2005); stream substrate (rocky or muddy); ground cover along banks (grass, soil, or rock); and proportion of the segment with grassy banks (visually estimated).
Data analysis.-We pooled all habitat covariates over the entire segment by taking the modal categorical (e.g., stream substrate) or mean numerical values. If a site was divided 
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PERINCHERY ET AL.-HABITAT USE BY SMALL-CLAWED OTTERSapproximately equally among categories, it was assigned to a mixed category. To avoid potential problems during the numerical optimization of the likelihood (Hines 2006) , altitude was transformed by subtracting the minimum value (1,500 m) and dividing by 100 prior to analysis; transformed altitude, therefore, ranged from 0 to 7.82. Categorical covariates were dummy-coded (McCullagh and Nelder 1989) . Otter occupancy was almost 1 across Eravikulam National Park when considering old and new spraints, precluding modeling of occupancy as a function of covariates; hence, we used data from only fresh spraints for all subsequent analyses, thus focusing on patterns of otter occupancy and habitat use over 2-3 days preceding the surveys. A detection history (zeros representing nondetection, ones representing detection, and hyphens representing missing data when replicates could not be surveyed) was created for each segment based on whether otter signs were detected in each replicate. We used an occupancy framework because detection of otter signs was likely to be imperfect (Mackenzie 2006; Mackenzie et al. 2002; Mackenzie and Royle 2005) . We used a logit link function (Mackenzie 2006; McCullagh and Nelder 1989) to model otter presence as dependent on habitat covariates in program PRESENCE (version 2.2-Hines 2006) and used alternative optimization methods available in program MARK (version 4.3-White and Burnham 1999) to verify whether some computationally intensive models had run properly. We constructed a candidate set of models where the probability of detection of otter signs, p, was modeled as either a function of proportion of grassy banks or as a constant (to allow for the possibility that detectability was either similar across segments or influenced by unmeasured factors). The probability of occupancy, Y, was modeled either as a function of the habitat covariates measured or as constant (in case occupancy was determined by factors we did not measure). A week of summer showers (11-17 March 2008) interrupted sampling. We observed a shift in the distribution of fresh spraints before (15 February-11 March 2008) and after (17 March-5 April 2008) summer showers and therefore included sampling period as a covariate for Y. This covariate treated the segments sampled in the pre-and post-summer-shower periods as 2 separate data sets for estimating Y but pooled information from both periods for estimating p. We considered only models with 5 parameters to ensure that the ratio of sample size (n) to parameters (k) was 10 to avoid overparameterization. We based model selection on QAIC c for occupancy models, which corrects the Akaike's information criterion (AIC) for both small sample size and lack of fit (Burnham and Anderson 2002) . We assessed the fit of the most complicated model using the procedure described by Mackenzie and Bailey (2004) , which uses a parametric bootstrap to assess the probability of the observed chi-square statistic. The overdispersion parameter ĉ obtained was used as a variance-inflation factor and to correct AIC for lack of fit. We used QAIC c differences and Akaike weights to assess the performance of each model relative to the others and Akaike weights summed over all models containing each predictor for its importance (Burnham and Anderson 2002) . Inference was based partly on summed Akaike weights, so we ensured that the model set was approximately balanced with respect to representation of predictors across models. Many competing models could explain the data equally well, so we conducted model-averaging of parameter estimates. Here, the parameter estimate from each model was weighted by the Akaike weight of that model (Burnham and Anderson 2002) , thus taking into account the importance of that model relative to others in the set.
We found that the estimated p over multiple replicates was close to 1 when all spraints (old and fresh) were considered; therefore, the count of all spraints in each segment was considered a reliable index of the intensity of habitat use. This was modeled as a function of habitat covariates using generalized linear models (McCullagh and Nelder 1989) . We assumed that errors followed a Poisson distribution and used a log link function, with an offset in the linear predictor (log stream segment length) to account for the various lengths of stream segments (McCullagh and Nelder 1989) . We assessed models and predictors and carried out modelaveraging of parameters as described above for occupancy models, but used AIC c rather than QAIC c .
RESULTS
The naïve estimate of the proportion of stream segments occupied by A. cinerea, based on detections of all spraints (fresh and old), was 0.74. The probability of detecting these otter signs, p, was 0.30 6 0.03 SE within each 100-m replicate and 0.972 across multiple replicates (for a segment 1 km long). Estimated proportion of area occupied based on all spraints, Y, was 0.93 6 0.07 SE. Based on fresh spraints, the naïve estimate of occupancy was 0.39, p within each 100-m replicate was 0.13 6 0.03 SE, and Y was estimated to be 0.74 6 0.16 SE.
We estimated the overdispersion parameter, ĉ, to be 1.06 (x 2 5 8.39, P 5 0.38) for the most general model (p(.) Y(stream order + stream type + stream substrate + ground cover + altitude * sampling period)). This model, however, was not in our candidate set of models. In the best (top) model (according to QAIC c differences) p was constant, but Y differed between late and early sampling (Table 1) , 0.93 6 0.19 SE for sites sampled prior to the summer showers and 0.47 6 0.17 SE for sites sampled following summer showers. The next best model was the p(.) Y(.) model, indicating that no factors affected either detection probability or probability of otter occupancy. Also receiving some support from the data was p(.) Y(altitude), indicating that logit Y increased linearly by 0.83 for a 100-m increase in altitude, and p(.) Y(altitude 2 ) model with Y as a quadratic function of altitude, which indicated that occupancy peaked at approximately 2,000 m above mean sea level. Because differences in QAIC c for these models ranged between 0 and 3, all of them were equally plausible. The remaining models received relatively little support from the data and have not been presented here.
Sampling period and altitude were the most important predictors of probability of occupancy when model-averaged parameter estimates and summed Akaike weights (w i ) were considered ( Table 2) .
The mean encounter rate of spraints in Eravikulam National Park was 4.05 spraints/km of streams sampled. Encounter rate was highest in second-order streams (Fig. 2) . The model with stream type as the sole predictor of intensity of habitat use was estimated as the best (top) model based on AIC c (Table 1) . The model with intensity of use as a quadratic function of altitude, and the model with additive effects of altitude and stream order, were the 2nd and 3rd best models, respectively, each with DAIC c , 2. Therefore, model-averaging was conducted to determine the magnitude of these effects (Table 3) .
Altitude, with the highest summed Akaike weight (w i 5 0.39), was the best predictor of intensity of habitat use, followed closely by stream type (w i 5 0.38). Intensity of use increased linearly with increase in altitude. When we examined individual parameter estimates of important predictors, pools were used more intensively than cascades and riffles in the stream types, and 2nd-order streams were preferred over 1st-and 3rd-or higher-order streams. Stream substrate, grass cover, and ground cover along banks did not play an important role in influencing otter presence compared to other habitat covariates.
DISCUSSION
The naïve estimate of otter occupancy across the Eravikulam National Park (including fresh and new spraints), was high (0.74); incorporation of the high detection probability of spraints (0.30 per replicate) made occupancy even higher (0.93). Therefore, we used only fresh spraints for occupancy analyses. An estimated occupancy of 0.74 for just fresh spraints indicates that A. cinerea occupies approximately three-fourths of available stream segments within Eravikulam National Park over a 2-to 3-day window of time and nearly all sites over the cold season. This suggests that this highelevation landscape provides excellent habitat for the species. The analyses provided similar support for a number of models. Model-averaged parameter estimates and summed Akaike weights suggest that sampling period and altitude were the 2 most important determinants of occupancy. The shift from an occupancy of 0.93 during pre-summer-shower sampling to 0.46 during post-summer-shower sampling suggests that otters initially occurred in nearly all stream segments but restricted themselves to fewer than one-half of all available sites after the rains. These 2 sampling periods were separated by a week during which the study area received a considerable amount of rainfall following a prolonged dry period. Some movement by otters is apparent during this time. Rainfall has been known to change crab abundances in freshwater streams (Gratwicke 2004; Le Vay 2001) , vary stream attributes such as stream flow, or bring about an increase in the number of pools. It is possible that otters were tracking resources such as food or newly available habitats, which could have been responsible for the observed shift in occupancy. However, this can be confirmed only through studies examining otter responses to changes in prey availability and finer-scale stream character- istics. Even within our high-altitude study area, altitude played an important role in determining the presence of A. cinerea. This is consistent with natural history accounts of the species in southern India (Pocock 1941; Prater 1971) and highlights the importance of high-altitude habitats for conservation of the species. In Southeast Asia, however, the species is known to occur in low-elevation habitats such as wetland systems with pools and stagnant water (Hussain and de Silva 2008; Sivasothi and Nor 1994) . Further detailed surveys would be necessary across a greater altitudinal gradient across southern India to determine if distribution of the species also includes lower-elevation regions. Spraint has been shown to be correlated positively with otter habitat use and preference (Guter et al. 2008) . Having selected home ranges based on altitude for a given time of year (2nd-order selection), otters seem to concentrate habitat use near pools within occupied streams (3rd-order selection). The preference for pools over cascades and riffles is unsurprising, given that the species is a specialized feeder on crustaceans and mollusks, locating prey mainly by touch (Ewer 1973) . Stream order also was a better predictor of otter habitat use than stream substrate, grass cover, and ground cover along the banks. Second-order streams, followed by 3rd-order streams, were used more intensively than the smallest 1st-order streams.
Our study demonstrates the utility of modeling occupancy and detectability simultaneously (Mackenzie et al. 2002 . Several recent studies have successfully applied the approach to estimate occupancy and detectability, and the role of habitat-related and other covariates in determining these, for a range of species (e.g., Baldwin and Bender 2008; Bonesi et al. 2006; Buckley and Beebee 2004; Carter et al. 2006; Martin et al. 2006; Mazerolle et al. 2005; Moritz et al. 2008; O'Connell et al. 2006; Welsh et al. 2008 ). Failure to account for imperfect detection will bias occupancy, and more importantly for our study, the magnitude and sign of estimated slope parameters of covariates, depending on the relationship among habitat variables, detectability, and occupancy (Gu and Swihart 2003) . Occupancy-based surveys are particularly useful for conservation assessments of poorly studied, elusive species of conservation concern, such as A. cinerea, because the approach can be used even in 1st-time surveys to generate rigorous baseline data. At the same time it also allows ecological questions on the determinants of finer scale habitat selection to be addressed.
The identification of the species' preference for higher altitudes and pools in a protected area will help identify sites for conservation efforts targeting A. cinerea; high-altitude streams and small pools should be seen as important conservation zones in unprotected areas as well, because they can be prospective habitats for A. cinerea if it does not currently occupy the area. This study also can help direct future surveys by predicting the presence of A. cinerea in similar areas. Given that this study was conducted in an undisturbed, high-altitude shola-grassland area, the findings indicate patterns of habitat occupancy in the absence of human disturbance or habitat modification. However, the majority of freshwater habitats in southern India are not protected and are located within or near human-dominated areas. Otters tend to avoid human presence either spatially or temporally by restricting activity to certain times of the day (Rosas et al. 2007; Shenoy et al. 2006; Tuzun and Albayrak 2005) . Although our study has developed baseline data on factors that influence the species' persistence in protected habitats, future studies also should focus on anthropogenic changes in otter habitats and the consequences for survival of otter populations. We recommend a comprehensive survey covering the entire distribution of the species in the Western Ghats of southern India, spanning wide elevational, latitudinal, habitat-related, and disturbance-related gradients to obtain an understanding of regional status and threats faced by A. cinerea.
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